In this paper, the systems of telepharmacy services are presented considering several aspects. The first part considers the basic components of the telepharmacy systems. Examples of telepharmacy application in military services and, above all, in rural areas are presented. Then, the role of pharmacists and pharmacy technicians in telepharmacy systems is analyzed. In the second part, the importance of the role of technicians for quality execution of the telepharmacy program is proved by one illustrative, mathematical example, using the analysis of several system parameters.
Introduction
ODAY more and more attention is paid to the health of people. The aim is to facilitate the monitoring of health and provision of health services at any place and at any time. This has been enabled by the development of modern telecommunication services and by expanding the coverage area of telecommunication networks, which can provide connection of very remote and sparsely populated areas with larger centres, where there are pharmacists, responsible for providing pharmacy services. This provision of pharmacy services from a distance is the subject of a modern branch of pharmacy -telepharmacy. Telepharmacy is a method used in pharmacy practice in which a pharmacist utilizes telecommunication technology to oversee the aspects of pharmacy operations or provide the patient care services, [1] . Telepharmacy services include but are not limited to drug review and monitoring, dispensing, compounding verification, medication therapy management, patient assessment, counselling, clinical consultation, decision support and drug information. Areas of telepharmacy application are constantly expanding, and thus its military application becomes important. This ensures that pharmacy care becomes available at the most remote military sites and facilities, where the presence of pharmacists may not be provided. But, even more important is telepharmacy application in rural areas. The type of the implemented service may be adjusted to the needs of concrete situation.
Telepharmacy and the areas of its implementation
Telepharmacy is the provision of pharmacy services and care using modern communication technologies to patients where direct contact with the pharmacist is not possible. So, it is a way of providing pharmacy services "at a distance". In itself, it is not a technology, but is based on the use of new technological solutions [2] . Significant and rapid growth of telepharmacy services is anticipated in the near future all over the world [3] . In recent years the telepharmacy market has exponential growth and it is expected that this trend will continue also in the upcoming period.
Areas of telepharmacy services application are: small pharmacies, usually in rural areas, [2] , nursing homes, [3] , hospitals (mainly at remote locations), medical offices, prisons, military bases, (war) ships, etc. The largest project related to the implementation of telepharmacy is US program launched in 2006 in the areas covered by Naval Hospital Pensacola, Florida, and Bremerton in Washington State, [4, 5] . The program is initialized by the US Navy Bureau of Medicine. Over the time, the project has spread to four continents, and already in 2010 was comprised of more than 100 locations that have implemented telepharmacy services. In this way, many sites without real-time communication obtained for the first time possibility to connect with other sites. Besides, there are sites with the established pharmacy service, but pharmacist may be on vacation, may be ill, or temporarily absent. In this case telepharmacy provides possibility to connect the site with another location, where there is a pharmacist. Pharmacist is usually located in the Naval Hospital and supports one or more clinics in the same command area.
Starting from the Navy, telepharmacy services began to spread to other branches of the US army: aviation, ground forces, etc, and now it is present in all army branches, [6] . These systems are based on a research, conducted by the US Department of Defence, of commercially available technologies suitable for use in telepharmacy systems, [7] .
US army has considered one more way of telepharmacy implementation: Automated Drug Dispensing Systems (ADDS), [8] . The intention is to equip remote locations, where soldiers are situated, with dispensing cabinets, containing the most necessary medications. In [8] it is emphasized that Bosnia is a region where military believes it will be possible to install such cabinets.
Implementation of telepharmacy requires that many important aspects are previously analyzed. Data presented in [9] are the result of a very comprehensive study, and these data and method of analysis may be used as the starting point, when some new telepharmacy system is prepared for initialization. Tested system was installed in one small village in Scotland, i.e. in rural area. Data were collected among system stakeholders to perceive what are the problems of telepharmacy introduction and, especially, its (TelePharmacy) Robotic Supply Service (TPRSS) implementation. The study is carried out on the representative sample of local residents and healthcare professionals collecting data related to baseline and follow-up analysis. The methods for data collecting were questionnaires, focus groups and interviews. Beside this, data about number and type of purchased products, prescription forms deposited and dispensed items, which were collected by TPRSS logs, were also analyzed. The main results of this analysis show that the tested system is feasible, efficient, easily accessible and easily used. The most frequently used services in this TPRSS system were prescription ordering and over-the-counter medicine purchase. After the system testing period, more than 80% of users included in the analysis reported that they would implement the system.
One different system for telepharmacy application is presented in [10] . It was installed in USA with centre at Tampa Veterans Health Administration (TVAH) hospital, Florida, covering several remote clinics. Patients on long-term anticoagulation had to visit TVAH hospital at frequent time intervals and some of them needed a few hours to travel to TVAH hospital. In this therapy pharmacist has to be included, but there were no pharmacists at the remote clinics. Only clerks were situated at the remote sites. Equipment installed on the link between TVAH hospital and the remote clinic (first of all applied video link) allows pharmacist in Tampa to supervise therapy implementation as it is face-to-face interaction. A pharmacist can see a patient and the parts of his body, patient's laboratory results and on the base of this the pharmacist is able to make assessments and decisions dealing with medications. Authors of the article also considered a possibility to implement such a system in treatment of hypertension, dyslipidemia and diabetes.
The aim of the telepharmacy system presented in [11] is to support veterans (persons older than 65 years), who are discharged from hospitals directly to their homes. It is intended to veterans from rural and highly rural areas, many of whom live alone. Pharmacists in town centres, where the hospitals from which veterans are discharged are situated, overviewed the medical documentation of veterans included in this program and called them and their family members by phone in the first week after leaving hospital. Pharmacists were able to reconcile medications, assess adherence and identify potentially inappropriate drugs on the base of these calls. The detailed statistical analysis on the collected data and comparison to the results from the control group has shown that more than a half patients had some clerical error in discharge summary (medication list). Veterans, who were included in program, were 70% less likely than veterans in control group to have an acute care visit in 30 days after hospital discharge. There was no program influence to hospital readmission and mortality in this period of time. The mean duration of all calls to one veteran was slightly more than one hour. This analysis proves that pharmacists' activities implementing telepharmacy program are very important to rural veterans after they leave hospitals. Priority in the research was given to those who take a great number of medications (12 or more), those who have cognitive impairments, congestive heart failure and are older than 75 years.
Telepharmacy is implemented more in countries where there are great, rarely populated areas. It is more necessary in USA or Australia than in Europe. North Dakota is one of the USA states where telepharmacy implementation started relatively long time ago, at the beginning of the 21 st century. Legislation rules were established in [2003] [2004] . Number of the operational telepharmacy sites reached 25 central sites and 56 remote sites in 2012, [12] . Of these total 81 sites, 53 were retail sites and 28 hospital sites. In that moment, the system was serving 40000 rural citizens.
Presentation of telepharmacy systems and services
Telepharmacy systems are based on the engagement of pharmacists in the centre from which the entire system is managed and on the engagement of pharmacy technicians, who are "extended arm" of pharmacists at the remote locations. Telepharmacy may not be implemented without a pharmacy technician on duty, [6] . Technicians are key players in the telepharmacy advance both in inpatient and outpatient services. Experience from the implemented telepharmacy systems is that technicians like this job, because it gives them more scope than working together with pharmacist on a site, [13] . The job of a pharmacy technician in telepharmacy services cannot be adequately realized by nurses, because it is necessary to make a lot of decisions, for which nurses are not trained. The job of a pharmacy technician will become one of the most attractive fields for those who are trying to find job, or who are planning to change their actual jobs, [14] . The importance of the technicians' role in telepharmacy service may be best illustrated by the words from [15] : "a technician is the "backbone" of the pharmacy. In a telepharmacy, the technician is the backbone, spine, vertebrae, muscle tissue, cartilage -you get the point".
This last statement may be illustrated by an example from [16] . Thanks to the telepharmacy implementation and to pharmacy technician employment, pharmacy service was renewed in one small town in Montana, USA. Before that, drug store was closed many years ago, and citizens and staff from nursing home, rural health clinic and hospital were forced to purchase medication from a distant town. After introducing telepharmacy service, prescriptions may be delivered locally and medications may be picked up also locally, without any travelling. This example shows how important is the role of telepharmacy technician for the life of many people. It also shows how telepharmacy service and pharmacy technicians would be important in our country too, because there are many rural areas without traditional pharmacy service.
The activities of the technicians at the remote locations include but are not limited to, [17] : -acceptance of the request for a prescription from the patient -prescription may be filled electronically or scanned, [5] ; -input of the request for a drug into the computer; -implementation of the billing process; -product selection, preparation, packing and labelling; -realization of audio and video connection to authorized pharmacist in a central location; -sending to the pharmacist at the central location the digital image of: a request for remedy, the original packaging of the drug, picture of tablet or capsule of the drug for identification, picture of the prescription (if it is scanned or written by a technician), or electronic form of the prescription; -accepting the final result of dispensed drug verification from the pharmacist; -help to the patient in the use of technological devices to obtain the necessary advice from pharmacist. Pharmacy technician is the most important element of the telepharmacy program application. Without well-prepared pharmacy technicians, who have the confidence of, both, patients and pharmacists, telepharmacy system would not be possible. It is essential that pharmacy technician can successfully and quickly finish the job, which is within its competence, in order to minimize engagement of a pharmacist at a central location. In this way it is achieved that a pharmacist can manage a large number of remote locations in the telepharmacy system, but also a successful implementation of such a system creates greater confidence among users of the system. The use of drugs by patients, who utilize telepharmacy services, continues to be responsibility of pharmacist, as well as in conventional pharmacy systems. As a significant part of the responsibility, which is on the pharmacist in the classical system, now moves to the pharmacy technician, it is important that the technician has the proper qualifications and enough practice to perform the job. That is why the standards, which have to be met by a technician in the telepharmacy system, are higher than in the case of technician in the classic pharmacy system. The technician has more responsibility than in the conventional systems. Besides, it is necessary to be well acquainted with the modern communication devices, by which the connection is realized with the centre for system management, where the pharmacist is situated. Also, the technician guides a complete warehouse of drugs at the remote location.
The main tasks of a pharmacist in a central location are consulting services for all medicines, which are dispensed at a remote location. The pharmacist must remain responsible for all professional aspects of patient care, besides a great technician's help. Pharmacist's activities include but are not limited to: -final verification of the recipe that was prepared by the technician; -complete check of the drug use for each patient; -mandatory counselling (teaching) of the patient.
The role of telepharmacy (i.e. pharmacists and technicians) is very important in decreasing the risk of adverse drug events, decreasing medication costs and opportunities for treatment failure. Events like prolonged hospitalization and (potential) death may be prevented using telepharmacy, [18] . This is especially important after a patient leaves hospital, when it is necessary to adequately continue a necessary medication.
Since telepharmacy systems require a completely new set of responsibilities and tasks of, primarily, pharmacy technicians, and, ultimately, also pharmacists, changes in legislation, which would support their new engagements, are necessary. Changes in legislation have been made in all countries where telepharmacy systems have been already applied, [19, 20] , so similar changes should be enforced wherever the application of telepharmacy services starts. In addition, changes are needed in the educational system, especially when it comes to the part of the system that deals with pharmacy technicians.
In order to realize telepharmacy services, appropriate telecommunications equipment is necessary. This equipment includes, [ Considering that it is necessary to ensure permanent operation of the telepharmacy system, the spare (redundant) telepharmacy equipment is necessary. This equipment provides telepharmacy services functioning in the case of basic equipment failure or inability to realize the functions using basic equipment.
Technicians' contribution -the illustrative example
The importance of the quality and speed at which technicians perform their tasks at the remote locations for the quality of the complete system for telepharmacy services realization were already emphasized. Here we are going to illustrate this with an example. In the moment of writing this paper the authors have not known the contribution in which the mathematical analysis of serving requests in a telepharmacy system was made.
We consider the system with 5 remote locations, which is controlled by a pharmacist. Therefore, we have 5 pharmacy technicians (one at each site) in the system. Let then t be some time interval. Technicians are grouped into two classes. The first one consists of the experienced technicians, so the mean time of pharmacists engaging at a central location, if the request comes from the location which is supervised by such a technician, is, on average, 0.5·t. The second class consists of the technicians -beginners, so the mean time of pharmacists engaging at a central location in this case is t, which is twice as long as when experienced technicians are employed. The mean time between the new requests generation at each location is 5·t.
Based on such defined parameters we can determine: the average service rate if we consider technician -beginner (2) and, also, the request average arrival rate at each location particularly
Telepharmacy systems are systems in which losses of generated requests are not allowed. In case that, in the moment of new request generation, a pharmacist at a central location is busy processing a request from some of the remaining four locations, the newly generated request will wait for further processing until the pharmacist becomes idle. We shall analyze such a system on the base of queueing systems theory, using Erlang C-formula. This formula is well known in queueing systems theory and it was first derived to be applied for the analysis of switching systems in telephony, [21, 22] . It provides the essential parameters related to the waiting of requests: average waiting time, the probability that the request is waiting on processing, and the probability that the request is waiting on processing less than a predefined target value -the Grade of Service. In literature, there is a known designation of such systems, presented by Kendall notation: M/M/1/∞. The first two letters "M" mean that the distribution of time between consecutive request arrivals (i.e. request generation from remote sites) is exponential and that distribution of request service time (i.e. distribution of pharmacist's busy time) is also exponential. The third designation "1" means that there is one service channel (i.e. one pharmacist) in a system. The last designation "∞" means that it is possible to have infinitesimal number of waiting requests in a system (i.e. infinitesimal number of new drug requests at remote sites).
The probability that the generated request must wait on processing can be expressed by the equation:
where: -λ -new request average arrival rate; -μ -average service rate of generated requests; -N -number of serving channels. The requested average waiting time can be calculated from the equation:
And, finally, the Grade of Service (probability that waiting time is smaller than some target value) can be determined by the formula:
where: -AWT -acceptable waiting time. Queueing system is stable (i.e. T Wm <∞, or P a >0), if it satisfied the well-known condition that it is: λ μ ≤ ,
i.e.:
The purpose of mathematical analysis, presented in this paper, is to develop an analytical tool, which can be implemented in the phase of telepharmacy system preparation (dimensioning), before it is realized in practice. It is important to conduct such an analysis before defining number of applicable telepharmacy sites, position of central locations, number of necessary pharmacists, and so on. This analysis is based on known formulas from queueing systems theory. Concrete values of parameters λ and μ (i.e. μ 1 and μ 2 ) may be changeable, according to the specific situation in the area, where it is intended to apply telepharmacy system, but mathematical formulas are known from queueing theory. Beside formulas' implementation for switching systems (telephone systems), it was proved that they may be also applicable for many systems from everyday life, where it is necessary to determine how long it is expected that we are going to wait in some queue and how it is possible to decrease this waiting time. For example, in [23, 24] we performed original analytical and simulation analysis of one practical system, based on the teaching process at the Faculty of Pharmacy. The subject of this analysis was technicians' engagement on the faculty when executing professors' and assistants' requests. When considering implementation of queueing systems for analysis of telepharmacy systems, mathematical analysis is a new and the main contribution of this paper.
The results of analysis
The concrete results of the analysis using the formulas (4-6) can be obtained by using one of the available calculators for the results based on Erlang C formula, [25] . For these calculations it is supposed that it is N=1, λ=5·0.2/t =1/t, while μ is obtained as the appropriate combination of μ 1 and μ 2 . When all the technicians are technicians -beginners, average waiting time tends to infinity, and the system loses its sense. This is due to the fact that the condition expressed by equations (7) and (8) is not satisfied. When only 1 of 5 technicians is experienced, the average waiting time is reduced to 8·t. Further increase in the number of the experienced technicians reduces waiting time even more, so when all the technicians are experienced, this waiting time is significantly less than t. Fig.2 presents the probability that newly generated request is waiting to be processed (in %) as the function of the number of the experienced technicians. This graphic is obtained by implementing formula (4) . We can notice a linear decrease in the probability that the request is waiting processing when the number of the experienced technicians increases. Fig.3 presents (on the x-axis) the probability that the request waiting time on serving is less than a predefined target value (on the y-axis), i.e. the Grade of Service. The number of locations where there are experienced technicians is used as a parameter on this graphic. The improvement, which is achieved when the technicians are experienced, is significant: looking at the two extreme cases (when all the technicians are experienced and when all of them are beginners), the Grade of Service is improved 10, or even more times.
Grade of service (probability of waiting less then target), 5 sites Figure 3. Grade of Service: probability (P a (%)) that waiting time is smaller than the predefined target value (AWT), AWT expressed as a multiple of base time interval (*t); number of the experienced technicians (N good ) is parameter for the characteristics Example 1: let us suppose that we have a system with five remote locations, managed by a pharmacist on a central location. At each remote location there is a technician. Three of total five technicians at the remote locations are beginners and pharmacist's engagement when a request comes from such a location is 6 minutes. Remaining two technicians are experienced and pharmacist's engagement when communicating with these technicians is 3 minutes. Customer arrival rate at each location is 2 in an hour, meaning that mean time between two requests generation is 30 minutes. What is a probability that a customer, coming on a remote location, must wait, because pharmacist is busy, processing some request? Solution: this is relatively simple problem and we can illustrate correctness of the implemented model, comparing this problem results with a graph.
As we have n beg = 3 sites, which cause pharmacist's engagement of t beg =6min. and n exp = 2 sites, causing engagement of t exp = 3min. and request generation rate is the same at each location, the mean pharmacist's engagement is 
It is emphasized that the customer arrival rate at each site is 2 in an hour. There are 5 remote locations, so the total arrival rate is 10 in an hour. It follows that a time between customers' arrival is t arr = 6min. Now we can determine probability that a new generated request will wait for processing. This probability is P w =t mean /t arr = 0.8 = 8 0%, just as it can be read from Fig.2 for N good =2.
Example 2: it is necessary to apply in practice a telepharmacy system in which a pharmacist manages function of five remote locations, i.e. work of five pharmacy technicians. All 5 technicians are experienced, i.e. they passed all required training to utilize this system. The mean time between the generations of two requests at each of these locations is 30 minutes, while the time of the required pharmacist's engagement to process each of these requests (communication with the patient and pharmacy technician at a remote location) is 3 minutes. What is a request waiting time (because a pharmacist is engaged in some other request processing), which will not be overcome in at least 95% of the cases? What is, in this case, the request average waiting time for processing? Solution: based on formulas (2) and (3), the value of the time interval is t=6 minutes. Using the graph in Fig.3 , it is obtained that the waiting time interval on the pharmacists to become idle, which will not be exceeded in 95% of cases, is AWT = 2.4·t = 14.4 minutes. Average waiting time on pharmacist to become idle, according to Fig.1 , is T Wm = 0.5· t = 3 minutes.
Conclusion
This paper has two parts. The first part explains what telepharmacy is, and after that it presents the role of pharmacists and pharmacy technicians in telepharmacy systems. Several examples dealing with concrete telepharmacy systems are presented. They illustrate telepharmacy implementation in military purposes and, even more, in rural areas.
In the second part a mathematical analysis of a telepharmacy system is provided. The analysis refers to the process of engaging the pharmacist in the centre for system management. The necessary pharmacist engagement depends on the experience of pharmacy technicians on the remote locations. It is presented how the extent of technicians training affects the performance of the whole system: the necessary pharmacist engagement, the average waiting time at a remote location to communicate with the pharmacist in the centre of the system, the probability of this waiting and the Grade of Service.
In future work the plan is to analyze more complex queuing systems. In this way, it would be possible to mathematically present the engagement of both pharmacists and technicians, i.e. telepharmacy systems could be comprehensively analyzed.
